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SECTION 1 


INTRODUCTION 


SEC HON 1 
INTRODUCTION 


Tnis is the final report for the Seasat A Satellite Scatterometer (SASS) program. It contains the following 
major sections: 


Section 

2 

3 

4 

5 

6 

7 

8 


Title 

Subsystem Engineering 
Design Development 
Test Program 
Ground Support Equipment 
Sofhvare Development 
Quality Control 
Documentation Summ&rj' 


The Subs 3 'stem Engineering section reviews and provides summaries for the analyses performed in the 
earl 5 ' period of the program which formed the basis of the sensor design, A description of the sensor de- 
sign is provided in Section 3. Section 4 reviews the test program listing all tests performed and the en- 
vironmental ejqjosure (simulated) for each, as applicable. Ground sigiport equipment designed and built 
for assembly ■'integration and field testing is described in Section 5. Section 6 summarizes the software 
developed during the program and the algorithms/flow diagrams which formed the bases for the software. 
Section 7 details the significant Quality Control activity, while Section 8 lists system level documents 
prepared for sensor evaluation, trouble shooting, and testing. 

It has been the intent of this report to indicate results of principal activities during the program and to 
reference documents necessary to enable search of more specific detail, should “they be necessary at some 
future time. 


Personnel responsible for the preparation of this report include: 


R. Bianchi - Program Manager 

A. Heath - Project Engineer 

S, Marsh - Qualiij’ Control Engineer 

J. Borusiewicz - Manufacturing 
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SECTION 2 

SUBSYSTEM ENGINEERING 


szcnoN2 °?°poorSiTY 

SUBSYSTEM ENGINEERING Of rU 

Subsystem Engineering for the SeaSat-A -Satellite Scattercmeter (SASS) includes the determination of instru- 
ment parameters based on spacecraft orbit consideration as well as all of tiie interface associated require- 
ments. The interface associated requirements include size, weight, volume, DC power, co mm and/ control, 
spacecraft mounting and the environmental conditions of temperature, pressure, vibration and HMJ/HFl, 

2.1 INSTRUIVfENT PARAMETER DETERMINATION 

Table 2-1 contains the orbit parameters used in the final instrument design. This table is based on an 15)- 
date of DHL 16, 'Instrument Resolution Cell/Link Analyses" by letter from EARC dated September 17, 

1976. An asterisk at the right of a parameter indicates that it is a measurable hardware parameter. In 
addition to the parameters defined in Table 2-1, it was also necessary to determine receiver tfynamic 
range, gain switching points, signal flow analysis, requirements for instrument calibration, instrument 
timing, operating modes and instrument telemetry. The rationale associated with each of these require- 
ments is described in the following sections. 

2.1.1 DOPPLER FILTERS 

The Doppler filters ' center frequency, noise bandwidth and skirt rejection were determined from the re- 
quirement for a 50 Km cross-track spacing and a maximum resolution cdLL size of 50 Em, The center 
frequencies are chosen for the 50 Em cross -track spacing and 425 Em between the inner cells of fore and 
aft antenna beams based on the SeaSat-A orbit at maximum latitude (+ 72°). A computer program, fur- 
nished by LARC , was used to calculate the Doppler filter noise bandwidths corresponding to the 50 Km 
resolution cell size. The cell size does not exceed 50 Km exe^t for cells #11 and #12 which are 53. 2 Km 
and 57 Km. respectively. The filter rejection bandwidflhs are based on having maximum return power in ail 
Doppler cells except the one in question, which has minimum return. Returns from adjacent celis must be 
attenuated to at least 10 dB below returns from the desired cell while all other returns must be attenuated 
at least 20 dB below the desired return. Tables 3. 1-1 and 3. 1-2 .in the Calibration Data Report (DEL 1-23 
dated 24 January 1978) contain the integrated ELectronics Assembly Level data on the 15 flight Doppler 
filters. 

2. 1. 2 RECEI\^ER DYNAMIC RANGE 

The instrument i^amic range was determined for the wideband case 153 to the crystal Doppler filters and 
for the narrowband case for the remaining portion of the Seat Processor, in both cases, due to the statis- 
tical nature of the return signal, an additional 6. 6 dB was included for peaks at the i^iper end of the range 
and an additional 8. 5 dB was included at the lower end of the range so that non-saturating operation would 
be obtained in either direction. GE PIR 1J40-JH-055, Revision E delineates the final ^stem level flynamic 
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Table 2-1, Daia Values for Link C dcuLations 


Symbol 

^ortrso. 

Name 

DeBsitiou 

Worst-Case 

ValUB(s) 

Nominal 

Valuefa) 

a 

A 

Anteoiui AmpUtvdd Ratio 

0.S3 

0.S5 


, o; 

ALPHP 

S/C Roll Error 

+ 0, 5 d^. 

0 


^1 

ANGLES 

lucidetioe Angles for Estab- 
lishing cr“ Crave 

0, 10°, 20°, 30° 
40°, 30°. 55° 

0, 10°, 20°, 30° 
40°, 50°, 55° 


u 

ARGPEH 

Argument of Periapsia 

90° + 20° 

90° 


ASC 

ASC 

Ascending or Besoending 
Btrectlon of S/C in Orbit 

H-l (Asc, ) 
~1 (Deac, } 

+1 (Aao, ) 
“1 (Deac, ) 


ATT 

ATT 

Mean Altitude on Spherical 
Eorili 

772.807 Km 

790.14 Km 


b 

3 

Ant, Wsveguide dimension 

1.4986 Cm 

1.4986 Cm 


P 

BETAP 

S/C Pitch Error 

' O.S deg. 

0 


d 

D 

Ant, IVavegulde Spacing 

1. 651 Cm 

1.651 Cm 


fi 

DELT 

Angle of Rotation for Squint 
Removal 

1.7 dsg. 

1.7 deg. 


% 

DLFHEQ(I) 

Lower Bandedge Doppler 
Frequencies 

Table 2 -la 

Table 2 -lb 

* 

'd 

DOFREQ(I) 

Cell Center Doppler 
Frequencies 

Table 2-la 

Table 2-lb 



DUFREQm 

l^per Bandedge Doppler 
Frequencies 

Table 2-la 

Table 2-lb 

* 


EPS 

Orbit Eccentrieity 

0. 001 

0,001 



FILAT 

S/C Latitude 

0° + 20° *^2° 

0° 


r 

GAMMP 

S/C Yaw Error 

0.5 deg. 

0 


^NOM 

GAIVIKOM(I) 

Ncanlnal Value of Earth Angle 
for Each Cell 

Table 2-1 c 

Table 2-lc 


G 

0 

GGO 

Peak Antenna Gain 

32.5 dB 

32.5 dB 


- 

IBEAM 

Ant. Beam Number 

1. 2 

X. 2 


J2 

J2 

Earth Gravity Harmonic 
Parametor 

1. 08263x10"^ 

1. 08263x10 


J3 

J3 

Earth Gravity Harmonic 
Parameter 

-2, 5x10 

-2.5x10’® 


L 

a 

LA 

Atmospheric Loss 

-0,4 dB 

-0.4 dB 



LB 

Receiver Lass 

-2. 15 dB 

-2,15 dB 

* 


LT 

Transmitter Loss 

-1.S dB 

-1. 8 dB 

* 

R 

RIBADE 

Mean Radius of Earth 

6378.14 km 

6373. 14 km 


li 

MU 

Earth Gravitational Constant 

3. 986005x10® 

3,986005x10® 

: 







Table 2-1. Data Values for Link Calculaiions (Cont'd) 


Fortran 


Symbol 

Name 

NF 

NF 

“i 

OEBIN 

®^31 

PHI31 

®32 

PHI32 


PHI33 

0 34 

PH134 


9 j 
P I 



PSI 

PT 

SIGMAS 

SIGNOT 

SPEED 

SPEEDL 

TA 

TADP 

TG(I) 

THETAP 

THETAS 

TK 

TP 

TPP 

VE 

XFEEQ 

FL 


DefinitiOD 


Noise Figure 

Orbit Inclination 

Beam Ant, Azimuth 
Rotation An^e 

Beam #2 Ant. Azimuth 
Rotation Angle 

Beam #3 Ant. Azimuth 
flotation Angle 

Beam #4 Ant. Azimuth 
Rotation Angle 

Narrow Dimension Ant. 
Beamwldfch 

Ant. Phase Taper 

Transmitter Power 

0 - ° Values at 0°, lO®, 30®, 
40®, 50®, 55® 

(7 0 Values at 8®, 4°, 0®. 

Windspeed 

Speed of Light 

Antenna Temperature 
Transmit Pulse Length 
Range Gate Length of Cell 
Antenna Pointiag Angle 
90° - Ant, Squint 
Noise Integration Time 
Ant, Sample Time 
Puise E^etition Period 
Earth Equatorial Velocity 

Transmit Freguenty 
Earth Flatness 


Worst-Case 

Value(6) 


5,5 dB 
104°, 106° 
-46,2 deg. 

-133. 8 deg. 

136,2 deg. 

43. 8 deg. 

0.5 deg. 

26 deg, 

100 W. 

Table 2-ld 

5, 6, 7 dB 

4,12,24 m/s 

2. 967925x10® 
km/sec. 


200°K 


4. S ms 
Table 2-la 
40,0° 

88 deg. + .36° 

0.42 sec. 

1. 890399 sec, 

29. 537 msec. 

0,4651013 

km/sec. 

14. 59927xlO®Hz 

3.367 xlO”® 


Nominal 

Value(e} 


5.5 dB 


-133.8 deg. 

136. 2 deg. 

43. 8 deg. 

0. 5 deg, 

26 deg. 

110 W. 

Table 2-ld 

5, 6, 7 dB 

4,12,24 m/s 

2. 997925x10® 
km/seo. 


200°K 


4. 8 ms 

Table 2-lb 

40.0° 

SB deg, 

0, 48 see. 

1. 890399 sec. 

29,537 msec, 

0. 4651013 
km/sec. 

14.59927x10®H2 

—3 

3.367 X 10 


Measurable hardware parameter 








Table 2 -la. Worst -Case Doppler Frequencies* and Range Gate Times 


Cell 

No. 

Lower Freq, 
(Hz) 

Center Freq. 
(Hz) 

Upper Freq. 
(Hz) 

Range Gate 
(ms) 

1 

169,866 

182,315 

194,262 

7.0 

2 

206,388 

217,497 

228,104 

7.2 

3 

239,175 

248,969 

258,299 

7.4 

4 

268,352 

273,800 

284, 844 

7.6 

S 

234,078 

301,206 

307,996 

7,8 

6 

316,573 

322,485 

328,125 

8.1 

7 

336, 016 

340, 972 

345,716 

8.4 

S 

352,982 

357,004 

360,866 

«. B 

9 

367,591 

370,901 

374,089 

9.2 

io 

380,335 

382,952 

385,475 

9.3 

11 

391,109 

393,415 

395.621 

10.4 

12 

400,476 

402,514 

404,438 

11.2 

13 

52,358 

64,660 

76,754 

5.4 

14 

20,140 

32,392 

44,536 

5. 4 

15 

-12,198 

0 

12,198 

5. 3 


Before addition of 417 Hz due to LO offset. 


Table 2 -lb. Nominal Doppler Frequencies* and Range Gate Times 


Ceil 

No. 

Lower Freq. 
(Hz) 

Center Freq. 
(Hz) 

tipper Freq. 
(Ha) 

Range Gate 
(ms) 

1 

169,224 

182,315 

194, 904 

6.00 

2 

205,816 

217,497 

228,676 

6.20 

3 

238,672 

248,969 

258, 802 

6.35 

4 

267,918 

276, 800 

285, 278 

6.57 

5 

293,712 

301,206 

308,362 

6.82 

6 

316,269 

322,485 

328,429 

7.11 

7 

335,761 

340, 972 

345, 971 

7.45 

8 

352,774 

357,004 

361.074 

7.83 

9 

367,420 

370,901 

374,260 

8.27 

10 

380,200 

382,952 

385,010 

8.78 

11 

390,990 

393,415 

395,740 

9.41 

12 

400,372 

402,514 

404, 542 

10.16 

13 

51,716 

64, 660 

77,396 

5.42 

14 

19, 498 

32,392 

45,178 

5.35 

15 

-12, 840 

0 

12, 840 

5. 29 


^Before addition of 417 Hs due to LO offset 





















Table 2-lc. Nominal Earth Angles 
for Each Cell 


Cell 

No. 

Gamma 
(deg. ) 

1 

2.70 

2 

3.34 

3 

3.97 

4 

4.61 

5 

5.25 

6 

5. S9 

7 

6.62 

B 

7.16 

9 

7. BO 

LO 

8.44 

11 

9.08 

12 

9.72 

13 

0.898 

14 

0.447 

15 

0.06 


Table 2-ld. 


o 


cr 


Values Versus Incidence Angle 


Incidence Angle 
(deg. ) 

4 m/s-w/s 

cr'’ (dB) 
12 m/s -w/s 

24 m/s-w/s 

0 

12.0 

9.4 

8.4 

10 

5.0 

5.0 

5.0 

20 

- 9.0 

- 5.0 

- 2.0 

30 

-21.0 

-12.0 

- 6.0 

40 

-24. 0 

-15.0 

- 9.0 

50 

-27.0 

-18.0 

-12,0 

55 

-28.0 

-19.0 

-13.0 


range requirements. The minimum average power spectral density (PSD) based on a 1350°K receiver noise 
temperature is -197.3 dBW/Hz while the Tuaytmum average power spectral density, (cell #4) is -172.1 dBW/ 
Hz. 


The overall instrument dynamic range must also include the gain or loss associated with manufacturing 
tolerances of each receiver component as well as temperature sensitive gain or losses. Table 2-2 is a total 
system summary of the receiver dynamic range. 
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Table 2-2. System Summary of Beceiver Dynamic Range 


Description 

dB 

maximum - Pgp minimum 

25.2 

Instantaneous Peaks 

6.6 

Instantaneous Valleys 

8.5 

A Noise BW Cell #4 - CeU #12 

6.2 

Tolerances + Temperature Variations Below Nominal 

4.35 

Tolerances + Temperature Variations Above Nominal 

4.4 

Total System Dynamic Range 

55. 25 


2.1.3 GAIN SI^ITCHING POINTS 

The gain switching design in the 15 channel Scat Processor is such that the gain, of each c h a nne l is selected 
completely independent of the signal returns in the adjacent cells or any of the other cells. The analysis, 
delineated in PIR 1J40-JH-074, "Gain Switching Philosophy of SASS Scat Processor, " shows that a detector 
with 30. 1 dB dynamic range and four gain stages, separated by a nominal 10 dB, is more than adequate to 
cover the entire system level dynamic range. Because of this capability, the gain of each channel was set 
to ^proximately the same level when tuned with a CW signal at the corresponding doppler filter center 
frequency. The gain is selected for each channel by looking at the first three return pulses, one at a time, 
and stepping in a nominal 10 dB attenuation each time the preset threshold is exceeded. The threshold is 
the same for all 15 channels because the same A/D converter is used and simply time multiplexed. 

The threshold is set for 4. 785 volts or 490 counts at the integrator output to allow for the 6.6 dB expected 
peak excursions mthout compressing the signal. 

2.1.4 SIGNAL FLOW ANALYSIS 

The GE "SIGFLOW" program was used to verify that uncompressed processii^ would be achieved in all 
channels for all levels of noise, return signal and calibrate signal. This program calculates the effect of 
circuit elements on a signal. The common inputs to the program include the number of elements, input 
noise power density, average input signal power, and peak input signal power. The program input parame- 
ters required for each element are noise bandwidth, gain or loss, limiting point and element noise figure. 
Tins analysis was done for seven combinations of noise, signal and calibrate levels for ceils #1, #4, and 
^12 to cover the widest noise bandwidth, the highest return signal and the narrowest bandwidth respecitvely. 
PIR U40-JH-24i contains the complete analysis including the computer printouts for the seven cases and 
'f the integrator outputs for the three cells listed above. 
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2.1.5 INSTRUMENT CALIB RATION 

The "on-board" calibration of the SeaSat Scatterometer is somewhat more complex than it appears at first 
glance. Since a scatterometer is simply an instrument that accurately measures the attenuation incurred 
between tlie transmit and receive signals, it appears that the instrument could be calibrated by directing the 
transmit signal through a known attenuation into the receiver. The problem associated mth this approach 
is that the transmit signal is pulsed CW whereas the received signal is basically doppler shifted white noise. 
Because of this difference, it was necessary to calibrate the transmitter and receiver independently. In 
addition, because of the diffisrenees in noise bandwidth and gain step settings, each of the receivers 15 
channels had to be calibrated independently. 

It was assumed early in the instrument design, and verified more recently during spacecraft level thermal 

vacuum tests, that receiver gain changes are a function of the instrument temperature and that temperature 

excursions, being a function of orbit position and season, happen vei^' slowly. The steepest gain versus 

temperature slope was associated with the Low Noise Amplifier which was subsequently thermally controlled 
o 

at approximately 35, 6 C to minimize dynamic gain shifts. A frequency of calibration of once everj' four 
minutes, or 25 times per orbit was selected for the receiver since receiver calibration precludes the normal 
data-taking operation. For the transmitter, however, a transmit power measurement is made every 1. 89 
second period since it does not affect data taking. 

Due to the natures of the transmitter and receiver signals, the Scatterometer is calibrated using a diode 
detector plus integrator and a broadbajid white-noise generator respectively, A "Complete Receiver Calii 
bration Cycle" consists of four consecutive 1. 89 second calibration measurements. Each calibration mea- 
surement is done with an order of timing that is identical to the normal operation timing, but is for four (4) 
different combinations of calibration noise level, HI = 29, 000°K and LO 4 290°K, .and Local Oscillator Fre- 
quency, 191.65708 MHz (FORE) and 208.32292 MHz (AFT). 

Component temperatures of the Transmit Power Monitor (Directional Detector), Calibration Noise Source 
and Antenna Switching Matrix are measured and telemetered every 15. 12 seconds. These temperatures are 
used in the look-up tables and algorithms for transmit power (Prn) 3nd receive power (P^,) respectively. 

X A 

2.1.6 INSTRUMENT TIMING 

The two fundamental timing sequences cDnsidered in the design of the SASS were the XMIT/SEC subeycls 
period and the Data Accumulation Period, The XMIT/EEC subcycle period is associated with the transmit 
pulse width, signal plus noise integration time and noise only integration time. The transmit pulse width 
ti Tning and the noise only integration timing are essentially the same for all channels whereas the signal 
plus noise timing is tailored for each of the 15 channels. DEL Item I-IO (paragraph 6. 0) describes the 
trade-off analysis for the Restrictive Range Gate versus Widened Range Gate Ihtegraiion and PIR 1JL6-1H-333, 
Revision A, describes all of the SASS internal control signals associated with one 3CMIT/REC Subcycle period. 
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The Data Accumulation Period was defined such that "quasi-contiguouE" coverage at 50 Km spacing would 
be obtained wth "Fore" and "Aft" looks in each of the 15 cells based on a perfect orbit and non^rotating 
earth. Analyses and plots were done by LARC personnel to determine cell overlap for nominal and worst 
case conditions, 

2. 1. 7 OPERATING MODES (Table 2-3) 

The SeaSat"A~Seatterometer has ten operating modes consisting of eight transmitting modes, one receiver 
calibration mode and one standby mode. The SASS op jrating modes table provides the cross reference for 
the mode nmnber, the spacecraft command number, the Scatterometer Electronics Package (SEP) port 
sequence, the antenna sequence and the fooiprint/polarization definitions. 


Table 2-3, SASS Operating Modes 


MODE 

SPACECRAFT 





r 








NUMBER 

COMMAND NO. 

SEP 

PORT SEQUENCE 

1 ANTENNA SEQUENCE 


FOOTPRINT/ POLARIZATION SEOUENCE 

i 

0003A/B 

4 

8 

2 

6 

4V 

IV 

3V 

2V 

V LF 

V RF 

V LA 

V RA 

2 

0004A/B 

3 

7 

1 

5 

4H 

IH 

3H 

2H 

H LF 

H RF 

H LA 

H RA 

3 

OOOSA/B 

4 

3 

2 

1 

4V 

4H 

3V 

3H 

V LF 

H LF 

V LA 

H U 

4 

0006A/B 

3 

7 

6 

5 

IV 

IH 

2V 

2H 

V RF 

H RF 

V RA 

H RA 

5 

0D07A/B 

4 

4 

2 

2 

4V 

4V 

3V 

3V 

V LF 

V LF 

V Lk 

V LA 

6 

0013A/B 

8 

a 

6 

6 

IV 

IV 

■ 2V 

2V 

V RF 

V RF 

V RA 

V RA 

7 

OOIAA/B 

3 

3 

1 

1 

4H 

4H 

3H 

3H 

H LF 

H LF 

H LA 

H LA 

8 

0015A/B 

7 

7 

5 

S 

IH 

IH 

2H 

«H 

H RF 

H RF 

H RA 

H RA 

9 

0021A/B 

4 

4 

2 

2 

4V 

4V 

3V 

3V 

- 

- 

- 

- 

10 

0023A/B 

4 

4 

2 

2 

4V 

4V 

3V 

3V 

- 

- 

- 

- 

SASS 

ENABLE 

0036A/B 

4 

4 

2 

2 

4V 

4V 

3V 

3V 

- 

- 

- 

- 

HVPS 

ENABLE 

002AA/B 

4 

4 

2 

2 

4V 

4V 

3V 

3V 

- 

- 

- 

- 

SASS 

OFF 

0033A/B 

- 

- 

- 

- 

- 

- 

- 

" 


- 

- 

- 


LEGEND: V = VERTICAL 

H “ HORIZONTAL 
L •= LEFT 
R » RIGHT 
P « FORE 
A AFT 
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The supplemental table (Table 2-4) provides additional cross references Including the AESC antenna serial 
number. 


Table 2-4. SASS Operating Modes Supplemental Table 


LMSC Ant. No, 

AESC S/N* 

SEP Port No. 

Footprint/Polarization 

Definition 

1 

A2 

7 

HRF 



8 

VEF 

2 

AS 

5 

HRA 



6 

VRA 

3 

A4 

1 

HLA 



2 

VLA 

A 

A3 

3 

HLF 



4 

VLF 


^Reference: LARC letter dated 10-14-77. 


2.1. 8 INSTRUMENT TELEMETRY 

The telemetrj' data associated vdth the SASS instrument is either in Bi-level or A/D converted analog volt- 
ages, SASS-DRL-114, "Measurement List and Data Format, " dated 8 October 1977, Revision D, contains 
the details of the Data Stream. 


In general, the SASS telemetry is categorized as shovm below. 


• Bi-Level (Status) including Synch pattern, gain bits, SLO frequency selected, calibtation status, 
circulator status, mode selected and analog temperature monitor subcommutator identification 
bits. 

• Bi-Level (Fault Determination) including input current, body current and undervoltage trips, 
receiver protect circulator status as well as SLO and SMIT phaselock loop indicators. 

• Analog Housekeeping (Instrument Health) including internal voltages, currents, RP powers, 
component and baseplate temperatures, as well as the forty SASS antenna, temperatures. 


2.2 SASS INSTRUMENT INTERFACE 

Three categories of SASS instrument/spaceoraft interfaces are described in this report. They are the 
mechanical, electrical and environmental parameters associated with the SASS design. Paragraph 4. 0 
includes the Environmental Interface Parameters while the mechanical and electrical interfaces are 
described in this section. The Lockheed document LMSC-D490728, "Interface Control Document" contains 
the details of the mutually agreed upon interface. 
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2. 1 SASS MECHANICAL INTERFACES 


X. GE Drawing (Figure 2-1), 47D235021 shows the outline and mounting points for the SASS 

instrument. 


2. Weight : 59.42 Kg 

3. Center of Gravity i X 

Y 

Z 


23.368 cm 
7. 620 cm 
53.594 cm 


4. 


Moments of Inertia: 


hr 


5.786 

6.780 ^-m^ 
2 . 076 1%-m^ 


2.2 SASS ELECTRICAL INTERFACES 

1. Electrical Power Interface : The voltages, currents and power delin e ated in Table 2-5 are the 
worst case values measured over the baseplate temperature range of 0°C to -f-sS^C for any SASS 
transmitting mode. 


Table 2-5. SASS Operating Mode 1-8 


Bus Voltage 
(Volts) 

Current 

Pn\ver 

.4mps tavg) 

Amps (pk) 

Watts (avg) 

Watts (pk) 

2'^. 7 reg. 

2.70 

2. 70 

74.79 

74. 79 

28.0 reg. 

2.70 

2.70 

75.60 

75. 60 

28.3 rag. 

2,60 

2.60 

73.58 

73.58 

24. 0 unreg. 

2.42 

11.00 

58. 08 

264. 00 

28. 0 unreg. 

2. 10 

9.00 

58. SO 

252.00 

32. 0 unreg. 

1.78 

S.50 

56.96 

272.0 


Table 2-6 contains the worst case values measured over the baseplate temperature range of 
0°C to +35°C for each of the SASS non-transmitting modes. 


Table 2-6. Worst Case Values 


Mode 

Reg Bub. 
Volts 

Beg Bus, 
Amps 

Reg Bus. 
Watts 

Unreg Bus, 
Volts 

Unreg Bus. 
Amps 

Unreg Bus. 
Watts 

PTotll 

Wans 

SASS "OFF'* 

is.o 

0. 457 

12. 

23.0 

0. 0386 

i.oa<2) 

13.38 

SASS 

27,7 

2, 70 

74. 79 

24.0 

0. 35 

8.40 

90.4 

"CONTINOUS 

2B.0 

2.66 

74.48 

28.0 

0.30 

8.40 

81.2 

CAL (MOCE 9) 

2S.3 

2. GO 

73. 58 

32.0 

0.29 

9.28 

81,7 

SASS "STBY" 

27.7 

2.70 

74.79 

34.0 

0.07 

1.68 

76.5 

(MODE 10) 

23.0 

2.66 

74.48 

28.0 

0,10 

2.80 

77.3 


28,3 

2.60 

73.. 58 

32.0 

0.11 

3.52 

77.1 

^^^LKA Thermal Consrol 
(2)Unreg. bus, inrush current control 
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Command and Control Interface ; The t\\'o basic command fimctions associated with the SASS are 
the Power Control Commands and the Mode Select Commands. The power control commands are 
activated by an 18 to 32 volt pulse with a duration of 100 5 milliseconds. 

These commands are for SASS "ENABLE", HVPS "ENABLE" and SASS "OFF" as weU as for each 
of their respective redundant commands. 

The mode select commands are activated by a momentary closure of a BPDT non-latching relay 
having a closure duration of at least 10 milliseconds. 

Table 2-7 delineates the SASS discrete commands including the spacecraft command number, the 
command title, and the command description. All SASS associated spacecraft commands and their 
parameter ID*s are included for completeness. 

Microwave. RF and Digital Interfaces t The microwave, RF and digital interfaces are associated 
mth the SASS transmitter, the spacecraft reference clock and the SASS data stream respectively. 

The requirements for the microwave interface are: 


Frequency; 

Transmit Power: 

Pulse Width: 

Repetition Rate: 

Load VSWR: 
Waveguide: 

Mounting Hole Pattern; 


2920 X spacecraft clock frequency 
+48. 5 dBm minimum 
4. 8 msec 
33. 86 PPS 
1 . 2:1 

WR62 (RG-349/U) 

Compatible with UG-1666/U Choke Flange 


The requirements for the RF interface are as follows; 


Frequency; 4. 999750 MHz + 0. 5 Hz 

Frequency Stability: 3 X 10“^^ Short Term Stability (500 msec) 


RF Po^ver: 


0 dBm + 1 dB 


Load VSWR; 

Source VSWR: 

Additive Phase: 
Noise 

Coax Cable: 


^ 1,2:1 (50 ohm) 

£1.5:1 (50 ohm) 

-125 dBc per Hz ® 1 KHz 
-125 dBc per Hz @ 10 KHz 

-133 dBc per Hz © 100 KHz to i MHz from carrier 
50 ohm 


Connector Type: SMA 


The requirements for the digital interface are as follows: 

Clock Rate: 156.242 KHz 

Bits per Word; 10 

Words per Burst; 82 

Length of Burst: 7,910 msec (nominal), 9.7 msec (maximtim) 
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Table 2-7. SASS Discrete Commands 


Spacecraft 
Command No. 

Command Title 

Command Description 

Parameter ID 

0036 A/B 

SASS ENABLE 

Power SASS DC /DC Converter 

- 

0024 A/B 

HVPS ENABLE 

Power SASS HVPS 

- 

0033 A/B 

SASS OFF 

Remove Power from SASS 

- 

0003 A/B 

Op. Made 1 

Meas. Seq. VLF, VRF, VLA, VEA 

SS700 

0004 A/B 

Op. Mode 2 

Meas. Seq. HLF, HRF, HLA, ERA 

SS701 

0005 A/B 

Op. Mode 3 

Meas. Seq. VLF, HLF, VLA, HLA 

SS702 

OOOG A/B 

Op. Mode 4 

Meas. Seq. VRF, HRF, VRA, ERA 

SS703 

0007 A/B 

Op. Mode 5 

Meas. Seq. VLF, VLF. VLA, VLA 

SS704 

0013 A/B 

Op. Mode 6 

Meas. Seq. VRF, VRF, VRA, VRA 

SS705 

0014 A/B 

Op, Mode 7 

Meas. Seq, HLF, HLF, HLA, HLA 

SS706 

0015 A/B 

Op. Mode 8 

Meas. Seq. HRF, HRF, HRA, HRA 

SS707 

0021 A/B 

Op, Mode 9 
(ContinuouB Cal) 

Meas. Seq. VLF, VLF, VLA, VLA 

SS708 

0023 A/B 

Op. Mode 10 
(SASS STBY) 

Meas. Seq. VLF, VLF, VLA, VLA 

SS709 

0035 A/B 

SASS SELECT 
Conv. No. 4 

Regulated 28 4 0.3 VDC 
SASS REG Voltage TLM 
SASS Total Current TLM 

LC539 

LC117 

LC135 

0044 A/B 

SASS SELECT 
Conv. No. 3 

Regulated 28+0.3 VDC 
SASS REG Voltage TLM 
SASS Total Current TLM 

LC538 

LC117 

LC135 

0032 A/B 

SASS SELECT 
PWR ON #1 

Unregulated 28 + 4. 0 VDC 
SASS UNREG Voltage TLM 
SASS Total Current TLM 

LG 101 
LC135 

0074 A/B 

SASS SELECT 
PWR ON #2 

Unregulated 28 + 4. 0 VDC 
SASS UNREG Voltage TLM 
SASS Total Current TLM 

LClOl 

LC135 

0451 A/B 

SASS Antennas 
1 and 3 Deploy 

CMD PYRO Firing to Deploy 
Antennas 1 and 3 

Antenna No, 1 TLM 
Antenna No. 3 TLM 

LA108 

LAllO 

0462 A/B 

SASS Antennas 
2 and 3 Deploy 

CMD PYRO Firing to Deploy 
Antennas 2 and 4 

Antenna No. 2 TLM 
Antenna No. 4 TLM 

LA109 

LAlll 

- 

- 

Baseplate No. 1 TEMP. TLM 

LA121 

- 

- 

Baseplate No, 2 TEMP. TLM 

LA122 
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Burst Eepetition Kate: 1. 890399 sec ^ HT Clock Drift 

Ma-viinurQ of Bits/Burst: 820 

2.3 SA5S INSTRmiENT PECUUARITIES AND CONSTRAINTS 

The peculiarities and constraints listed below were excerpted from a LARC letter dated 27 April 1978. 


2. 3. 1 SASS OPERATIONAL PECULIARITIES 


1. With respect to self calibration, 

a. Mode 9 is a free rutmii^ "Continuous Calibrate" operating mode. 

b. One full calibrate cycle, lasting 7. 56 sec. , occurs after each mode execution before 
becoming operational in that mode. 

c. One full calibrate cycle occurs periodically every 4 minutes after a mode execution. 

d. Due to tbe mode execution logic design, a 9.45 see. CAL cycle (5 CALS) may occur 
following a mode execution. The probability of occurrence is 1/20. 

e. During a CAL such as in b or c, SASS engineering paxameters take on the same values 
as given for Mode 3 in Attachment 1. 

2. At SASS ENABLE, trip indicators SS762, 763, and 764 indicate TjESP and will reset only on exe- 
cution of the first mode command. 

3. At HVPS ENABLE, Under Voltage Trip, SS7G3, indicates TRIP and will reset only on execution 
of the next mode commani 

4. After HVPS ENABLE, a 3 minute automatic time out to allow TWT filament warm-up begins. 

The first mode command {Modes 1-B) after completion of the time, out turns the transmitter on. 

D. The first mode command (Modes 1-9) after the 3 minute time out causes the Input Current Trip, 
SS762, to indicate TRIP. A second mode command must follow to reset SS762 and make it useful 
while the transmitter is on. The same applies to excecution of Modes 1-9 after STANDBY. 

6. In Modes 9 and 10, the antenna port switching and logic as monitored on SS711, 712, and 713 is 
the same as in Mode 5. 

7. L. O. Power, SS772, is approximately the same for the high L. O. frequency and the Low L. O. 
frequency but the monitor, SS772, reads quite differently due to calibration differences and 
accuracy limitations. POCC processing will use the low L. O. frequency curve only and IDPS 
will use both; hence, the IDPS data will be more accurate than POCC data, but the low frequency 
L. O. power will still read approximately 1. 5 dB higher than the high frequency L. O, power, 

8. Transmitted Power, SS761, is approximately 1. 5 percent low on the last data frame before a CAL 
cycle and approximately 5 watts on the last CAL frame. 

9. TWT: Cathode Voltage, SS765, has a large y-intercept in its calibration and reads -7. 86 kv for 0 
counts in the POCC processing and display. 
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10. SASS input Current, LC135, is a peak current monitor and ■will typically read between 2. 4A and 
9 . 2A in random fasMon. 

11. Differences in SASS electrical status versus mode as monitored in engineering housekeeping data 
are defined in Attachment l. 


2. 3. 2 SASS OPERATIONAL CONSTRAINTS 


1. The SASS shall not be turned on unless the baseplate temperatures LA 121 and 122 are between 
-10°C and -s-5S°C. 

2. Regulated 28V from converter #-3 or if 4 must be applied to the SASS at least 30 minutes prior to 
operation within speciELcatian. 

3. It must be verified that no alarms have been exceeded prior to execution of HVPS ENABLE. 

4. Two mode commands are required at turn on and after STANDBY. 

0 , Continuous time in STANDBY or between SASS ENABLE and the first mode command must be 
< 4 hours. 

6. SASS off should be sent prior to switching converters 3 and 4 or sending SASS ENABLE to 
initialize SASS relays and Ibnit inrush current. 

7. All SASS commands must be sent > 2 seconds apart. 

8. STANDBY must be sent prior to SASS OFF. 
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Attachment 1, SASS Engineering Versus Mode 


Parameter 

Nominal Value 

Modes 1-8 

Mode 9 

Standby 

55781 -^-SV 

55782 +15V 

55783 -15V 

55785 -6V 

55786 +6V 

55787 Therm. Ref. 1 

55788 Therm. Ref. 2 

55772 L. 0. Power 

55773 Mod. Power 

55774 Xmit Drive 

55775 Upcnv. Bias 

55776 TDA Stage 1 Bias 

55777 TDA Stage 2 Bias 

55778 TDA Stage 3 Bias 

55765 TWT Cathod Voltage 

55766 TWT Cathod Current 

55767 TVT Body Current 

55768 Ion Pump Current 

SS7fif3 HVPS Input Current 

SSB62 TWT Filament Current 

LC135 SASS Input Current 

SS761 Transmit Power 

+5V- 

+15V 

-15V 

-6V 

+6V 

+5Y 

+5V 

11.5/13.5 dBm 
21 dBm 
IB. 5 dBm 
O.IV 
0,135V 
0. 155V 

0. 15V 
8. 02 Kv 
57 ma 
5. 8 ma 
0 pA 
2.57 A 

1. 53 A 
9.2 A Peak 
100 Watts 

8. 02 Kv 
0 ma 
0 ma 

0 fiA 
0.9 A 
1.53 A 
2.7 A 
0 Watts 

0 Kv 
0 ma 
0 ma 
0 pA 
0.7 A 
1.53 A 
1,8 A 
0 Watts 
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SECTION 3 


DESIGN DEVELOPMENT 


SECTION 3 

DESIGN DEVELOPMENT 


3.1 DESIGN DEVELOPMENT (ELECTRICAL) 

The complete SASS Electronics Package (SEP) is shown in block diagram form in Figure 3-1 
(GE 47E2S5099). The instrument package component and subassembly layout is shown in Figure 3-2 
{GE 47J235000). Table 3-1 is included as a convenient cross-reference to the SEP layout, The table 
includes the component/subassembly item number, the GE drawing number, a description, and the GE 
SI'S specification where applicable. 

The descriptions that follow include only the design modifications to the SASS baseline associated with the 
top level assembly operation. 


3.1.1 RADIO FREQUENCY INTERFERENCE FILTER 

It was found during RFI coupling analyses that a potential interference problem existed between the SeaSat 
A Altimeter and Scatterometer (SASS). The interferences investigated included the 14. 59927 GHz + 1 MHz 
components of the chirpped altimeter pulse baaed on a SIKX/X curve and the effect of the fundamental alti- 
chirpped frequency of 13.49932 GHz + 160 MHz. Calculations showed an adequate margin for the SINX/X 
component of the chirpped pulse at the Scatterometer center frequency. Calculations also showed a 
potential SASS LNA saturation problem at the fundamental altimeter chirpped frequency. It was, there- 
fore, neeessarj' to add a RFI filter to the SASS receiver prior to the LNA. The filter added had the 
following operating characteristics; 


Insertion L'.ss: 
Rejection; 

Passband Ripple; 
Equiripple Band^7idth: 
VSWR (either Port); 


0, 35 dB maximum at 14, 6 + . 025 GHz 

40 dB minimum at 14. 18 GHz 
SO dB minimum at 13. 685 GHz 

0. 1 dB maximum 

100 MHz minimum, 350 MHz maximum 
1. 2:1 maximum at 14. 6 + . 025 GHz 


3.1.2 LOW NOISE AMPLIFIER HEATER 

There were two temperature related problems associated with the Low Noise Amplifier. The first prob- 
lem was the out-o£~spec gain variation over the 0°C to +35°C operating temperature range. The second 
problem resulted from an apparent hysteresis in that the amplifier gain at any particular temperature was 
dependent on the temperature and operating time at the previous point. 
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Figure 3-2. SASS Instrument Assembly 
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Table 3-1. Cros a -Reference to the SEP Layout 


Item 

No. 


Deficriptian 

Specification 

A1 

47D235460P1 

Solid State Source/ Local Oscillator 

SVS 8890 

A2 

47E235250C51 

Integrated Electronics Assembly 

N/A 

A3 

47E235100G2 

High Voltage Power Suppl 

N/A 

A4 

47D235458P1 

Traveling Wave Tube 

GFE 

AS 

47D235026G1 

Upconverter 

N/A 

A6 

47C235451P1 

TWT Input Isolator 

SVS 8896 P2 

A7 

47C235452P1 

TWT Output Isolator 

SVS 8896 P3 

AS 

47D235028G1 

Birectlonal Detector 

N/A 

A9 

47E235457P1 

Antenna Switching Matrix 

SVS 8891 

AlO 

47D235057G1 

Tunnel Diode Amplifier 

SVS 8892 

All 

47C235453P1 

ISO Adapter 

SVS 8896 P4 

A12 

47C2354.5SP1 

Down Converter 

SVS 8894 PI 

A13 

47C235453P1 

ISO Adapter 

SVS 8896 P4 

A14 

47D235027G1 

Low Pass Filter 

N/A 

A15 

47C235023G1 

Waveguide Assembly No. 1 

N/A 

A16 

47C235024G1 

Waveguide Assembly No. 2 

N/A 

A17A1 

47C235462P1 

Noise Source 

SVS 9035, 

A17A2 

47D235033G1 

Noise Diode Power Supply 

N/A 

A18 

47D235095G1 

■ 

Bandpass Filter No. 2 

N/A 

A19 

47C235072G1 

Bandpass Filter No. 3 

N/A 

A20 

47D235461P1 

RFI Filter 

N/A 

A21 

47G235059G1 

Thermal Control Component Assembly 

N/A 
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It was decided to provide proportional thermal control to maintain the LNA at 37 + 2°C. The controller 
operates directly from the regulated 28 volt spacecraft bus and is independent of the SASS operating mode, 
including the "off’ condition. The thermal design is such that the 37 + 2°C can be maintained for any 
baseplate temperature in the range of 0° to +35°C, the temperature range over which the Seatterometer 
must operate in specification. Below 0°C, the controller will maintain a no m i n al 35° AT above the base- 
plate temperature. Above -^35°C, the controller will be essentially turned off and the AT will be approxi- 
mately 2. 8° above the baseplate temperature. 

3,1.3 HIGH VOLTAGE POWER SUPPLY 

There were three circuit design changes in the HVPS during the course of the program. The circuit 
changes were associated with the foEowing problems: 

Minor Looping 

Inrush current at HVPS ENABLE Command 
Inrush current at Mode 1 to 9 Command 

3. 1,3,1 Minor l^ooping 

Minor looping is a phenomenon associated with asymmetrical operation on the transformer B-H curve. 

This phenomenon caused failures in the boost transistor through an apparent susceptibility to transients. 

Previous circuit modifications to elimmate minor-looping problems were primarily aimed at reducii^ the 
effect to within tolerable levels. These modifications worked reasonably weE for most conditions, but did 
not eliminate the problem. Transients can cause the boost to minor loop severely, even to the point of 
destruction. To offset this, a new circuit was developed to sense minor-looping, generate an "error" 
signal that feeds back into the control loop to automatically eliminate the problem. It is an internal con- 
trol loop with enough gain to nearly eliminate minor looping, but which does not affect normal operation in 
any way. 

;i, 1. 3 . 2 Im-ash Current at HVPS ENABLE Command 

During system level tests, a problem appeared which caused the crowbar protection circuit in the unregu- 
lated bus voltage line in the STC/RSS to actuate when a "HVPS ENABLE" command was issued. This 
problem was intermittent, but appeared to be temperature sensitive since the problem occurred more 
often at the cold temperature. Troubleshooting isolated the problem to a marginal control condition during 
the turn-on transient. Occasionally, both boost transistors would turn-on simultaneous!}^ thus effectively 
applying a short circuit on the unregulated bus. A sEght circuit modification was incorporated into the 
HVPS design to insure that the boost transistors are held off during the tum-on transient. 
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3, 1. 3, 3 Inrush Current at Mode 1 to 9 Command 


Inrush current measurements were made when a mode command was given after the three minute time out. 
WTien it was obser\'ed that the inrush current exceeded the specification, the input current trip circuit was 
modified to act as a current limiter during "turn-on". At the SASS instrument level, two conditions must 
be discussed. The first condition is when a mode 1 to 9 command is given after "HVPS ENABLE" 
command but before the three minute time out while the second condition is when a mode 1 to 9 command 
is given after the "HVPS ENABLE" command and after the three minute time out. 

Condition 1 ; When the mode 1 to 9 command is given between the "HVPS ENABLE" command 
and the three minute time out, f±ie HVPS tries to bring the TWT cathode voltage to -8 KV at 
the end of the time out. This causes the input current to exceed the threshold level and the 
trip actuates. Since the mode 1 to 9 command is no longer present, the current simply 
decays to its previous value. The TWT cathode voltage and collector voltages are turned off 
and the TV”! returns to a Standby condition. 

Condition 2 ; VTien the mode 1 to 9 command is given after the "HVPS ENABLE" command 
and after the three minute time out, the HVPS tries to bring the TWT cathode voltage to -8 
This causes the input current to exceed the threshold level and the trip circuit again 
actuates. However, once the current decays below a certain threshold level, the mode 1 to 9 
command is still present and resets the trip circuit. Once again, the HVPS tries to bring the 
TW^ cathode from its present level to -8 K\^ and again the trip circuit actuates. This trip 
circuit actuation occurs tj'picaUy five times dinring the first three milliseconds after the mode 1 
to 9 command. By this time the HV capacitors in the HVPS are sufficiently charged and the input 
current settles down to its normal operation. The digital controller pulse, associated with a 
mode 1 to 9 command, was stretched out to 8. 3 milliseconds to assure that the internally genera- 
ted mode command pulse was still there after the last trip circuit excursion. 

3.2 DESIGN DEVELOPMENT (MECHANICALl 

In the proposal concept the SASS was envisioned as a collection of approximately 20 electronic and micro- 
wave components to be integrated at the spacecraft level with GFE antennas and TWT. See Figure 3. 2-1, 

At the beginning of detailed hardware design, it became apparent that this would have been a difficult and 
expensive interface, and it was decided to integrate the experiment as a component on its own baseplate, 
which would then be mounted to the spacecraft structure. 

A combination dust cover and EMI shield was added later. See Figure 2. 2. 1-1. 
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The major problems to be overcome lii the mechanical design were; 1) developing a layout of components 
having logical signal flov/, within the’ confines of the 1, 0 X 0. 41 X 0. 35 M, since most components were 
interconnected by rigid waveguide; 2) designing waveguide supports with sufficient adjustment to provide 
for assembly tolerances and capable of meeting vibration and shock requirements; 3) weight optimization 
of the structure design at a late stage in the instrument development, and 4) adapting existing high voltage 
pacitaging techniques to meet new, more complex module designs. 

Other challenges met in the mechanical development were the thermal control of the LNA, negotiation and 
maintenance of mechanical interfaces with numerous sub- and co-contractors, and electronic packaging 
designs for high and low voltage power supplies, digital controller and scatterometer processor. 

The mechanical and packaging designs were proven by environmental test. Vibration and shook to qual 
levels produced only two failures (see page 68, SAS 06, 07) neither of which was design related. 

Thermal -vacuum testing verified the thermal analysis and high voltage design implementation. 
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TEST PROGRAM 
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SECTION 4 
TEST PROGRAM 


4.1 TESTS PERFORMED AT GE 

The SASS instrument test program is outlined in the following tables; 

• Table 4. l-l. Subsystem Qual Tests 

• Table 4. 1-2, Initial Functional and Baseline Tests 
t Table 4. 1-3, SASS System Level Test Flow 

• Table 4. 1-4, SASS Instrument Operating Times 
t Figure 4. 1-1, Thermal Vacuum Profile 

• Figure 4 . 1 -2, SASS Shock Spectra 

• Figure 4, 1-3, Random Vibration Levels 


ORlG^rML PAGE IS 
m POOR QumiY 


4-1 



Table 4. 1-1. Subsystem Hardware Matrix - Qualification Tests 



Random Sine 
Shock Vib. Reson. 

3 Axis Search 


SSS/LO (SVS 8890) 

W/G Component #1 

Upconverter (Inc. BPF) 

W/G Component #2 

Input/Ouput Isolators and 
ISO Adapters 

100 Watt TWa’ 

Directional Detector 

High Voltage Power Supply 

Antenna Switching Matrix 
(SVS 8891) 

Noise Source 

TDA 

Downconverter 

Integrated Elect. Assy. 
(DC/DC, Dig. Cont. , 

SCAT Processor) 


Legend: X = Test was Conducted 

- = No Test Conducted 


Acoustic Thermal 

„ , ■ EMI 
Noise Vacuum 



High/Lnw 

Temp, 

Electrical 

(Amb Pres) 

Funo. 

Perform. 

X 

X 

X 


Y 

Y 

X 

X 

X 


V 

Y 




X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 





































Table 4. 1-2. Iixitial Functional and Baseline Tests 




Table 4. 1-3. SASS System Level Test Flow 
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Table 4. 1-4- SASS Instrument - Operating Times 


Item 

No. 

.Drawing No. 

Description 

Serial 

No. 

Completed 
Oper. Time 

S,yslein 

Time 

Total 

- 

47E235000G1 

SASS Instrument 

JJ732 


325 Hrs 18 Min 

.125 Hrs 18 Min 

A1 

47D2354G0P1 

SSS/LO 

001 

102 lire 0 Min 

325 Hrs 18 Min 

487 Hrs 18 Min 

A2 

47E235250G1 

lEA Assembly 

001/JH802 

sa 84. 1 lira 
i 

325 Hrs 18 Min 

409 Hrs 24 Min 

A3 

47E235100G1 

HVPS 

001/JJ090 

1 

as 101 Hrs 

125 Ilrs 30 Min 

226 Hrs 36 Min 

A4 

47D235458P1 

100 Watt TWT 

EM-1 

778 Hrs 24 Min 

113 Hrs 30 Min 

891 Hrs 54 Min 

A6 

47C235451P1 

TWT Input ISOL 

4 

12 Hrs 0 Min 

I 

325 Hrs 18 Min 

337 Ilrs 18 Min 

A7 

47C235452P1 

TWT Output ISOL 

5 

12 Hrs (j Min 

325 Hrs 18 Min 

337 Hrs 18 Min 

A9 

47E23545P1 

Ant. Sw. Matrix 

2 

80 Hrs 0 Min 

325 Hrs 18 Min 

337 Hrs 18 Min 

A 10 

47D23545GP1 

Tunnel Diode Amp 

6812 

129 Ilrs 12 Min 

325 Hrs 18 Min 

454 Hrs 30 Min 

Item 

4 







All 

47C2354S3P1 

ISO Adapter 

5 

12 Hrs 0 Min 

325 Hrs 18 Min 

337 Ilrs 18 Min 

A 12 

47C235455P1 

Down Converter 

3 

51 Hrs 7 Min 

325 Hrs 18 Min 

37G Hrs 25 Min 

A 13 

47C235453P1 

ISO Adapter 

6 

12 Hrs 0 Min 

325 Hrs 18 Min 

337 Hrs 18 Min 
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#11 


Test No. 

Test 

ViN 

CODE: 


Test #1 

Conf , and Perf. 

Nominal 


- INSTR, OFF 

Test #2 

*Conf . and Perf. 

Hi, Low and Nom. 


INSTH. ON 

Test #3 

Confidence 

Nominal 



Teat #4 

+Conf, and Perf. 

Hi and Low 

• 


Test #5-*#13 

Confidence 

Nominal 



Test #14 

*Conf. and Inst. Cal. 

Nominal 




* Performance test at nominal input voltage only. 


Figure 4. 1-L Thermal Vacuum Profile 





RESPONSE G’S PEAK 



Figure 4. 1-2, SASS 























4, 2 TESTS PERFOmiED AT LMSC 


4.2.1 SA5S TESTS {INSTRUMENT LEVEL) 

Bench Acceptance Test - A confidence test (part of SI 250046) was performed at LMSC after the Scattero- 
meter had been imcrated, mounted on the handling dolly and connected to the STC/RSS (System Test Con- 
sole/Return Signal Simulator). The successful completion of this test clearly indicated that no damage to 
the SASS instrument had occurred during shipment. 


Transmitter Tests - A field retrofit, with QM-1 TWT and HVPS #2 replacing EM-1 TWT and HVPS #1 
respectively, was made. 

Following the retrofit, a bonding check was made on the EMI shield and connectors as well as on any com- 
ponents that had been disconnected during the retrofit. 


The SASS instrument was then connected to the STC/HSS and a confidence test performed to verify 
functional performance. The transmitter calibration portions of SI 250046 were also performed to pro- 
vide a final set of data for the algorithm. 


The last test performed at the SASS instrument level was thermal vacuum. 
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4.2.2 SASS TESTS (AS PART OF SENSOR MODULE) 

The SASS tests performed as part of the Sensor Module included a review of the Test Procedure, support 
at the test facility and a post test data review, all performed by SASS sensor personnel. Table 4. 2-1 
shows the test sequence at the Sensor Module and higher levels of assembly. 


Table 4. 2-1, Test Sequence (Sensor Module and Higher Levels of Assembly) 


• 

Mechanical Fit Check 

• 

EFT Test 

• 

Sensor Integration Test 

• 

Acoustic Test 

• 

Baseline Systems Test 


Thermal "Vacuum Test 

« 

EMI Test 

• 

Baseline System Test (Pre-Ship) 

e 

POCC Compatibility Test 


Launch Site Tests 
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SECTION 5 

GROUND SUPPORT EQUIPMENT 




SECTION 5 

GROUND SUPPORT EQUIPMENT 

Figure 5-1 summarizes the Electrical and Mechanical equipment associated with the SASS development. 
Figure 5-2 indicates the command and data portions of the STC/ESS while Figure 5-3 is a functional 
block diagram of the return signal simulator and transmit power monitor. Also shown in Figure 5-2 is 
the JPL Blue Box. This box stripped the SASS and other sensors data from the spacecraft data stream 
and fed it to the respective GSE's. When the "Blue” box was connected, it performed a monitor function 
only and no control of the SASS instrument could be exercised by the STC/ESS, With the "Blue” box in 
line, the Data Handling Unit and Buffer Memory portions of the STC/ESS provided a real time display and 
a magnetic tape recording of the SASS data stream. 
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Figure 5-1. SASS GSE 
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Figure 5-2. SASS STC/RSS 


























SECTION 6 

SOFTWARE DEVELOPMENT 
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SECTION 6 

SOPTWAEE DEVELOPMENT 


The sofhvare for the SASS instrument can be separated into five categories. They are: 

• SASS Corrected Data {Engineering Units) 

• and Ppj, Algorithm (With Statistics) 

« Field Test (Data Compression) 

• Operational TLM (Health of SASS instrument) 

» <* 

• Operational (Science Data) 

SASS Corrected Data (Engineering Units) - The software associated with the SASS Corrected Data is 
described in PIR 1JL6-JH-452. Figure 6-1 flow charts this data from the raw data stream throu^ to the 
formatted output of corrected data in engineering units. 

Figure 6-2 shows one data frame from the SASS Instrument. T!he data is groi^Ded functicmaliy to indlnde 
Status, Science Data, Analog Housekeeping Data, Instrument internal Temperature Data and Antenna Tem- 
perature Data. 

Pjj and P^ Algorithm (With Statistics) - The Algorithm for and P^„ Power received and Power trans- 
mitted respectively, was jointly developed by GE and LAEC. The majority of the test data reduction, 
including statistics to evaluate sensor performance, has been done at LAEC. PIE 1JL6-JH*429 describes 
the algorithm and identifies the terms and is included as Appendix 1. 
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Figure 6-1, Outline of Data Flow and Data Processing Requirements 
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Figure 6-2. Data Frame from the SASS Instrument 



Field Test Data (Data Compression) - S^iSS Field Test Data was reduced using data compression techniques 
which included apertures and limits so that a printout was obtained only when a parameter changed by an 
amount greater than the aperture. The parameters associated with each SASS sub-deck is listed below: 


SASS Sub-Deck 1-1 

SS700 

Mode 1 

SS701 

Mode 2 

SS702 

Mode 3 

SS703 

Mode 4 

I 

SS704 

Mode 5 f 

SS705 

Mode 6 

SS706 

Mode 7 

SS707 

Mode 8 

SS708 

Mode 9 

SS709 

Mode lO 


55761 

55762 

55763 

55764 

55765 

55766 
SE767 

55768 

55769 
SS862 


XMIT PWR 

Input Current Trip 
Undervoltage Trip 
Body Current Trip 


HVPS Input Current 

% 


SASS Sub -Deck 1-2 

SS711 

Polarization 

SS712 

Left /Right 

SS713 

FWD/AFT 

SSJ’U 

LO Freq. Sel. 

88715 

H'T Freq. Sel. 

SS772 

LO PWR 

SS773 

HOD mx. 

SS774 

XMIT Channel PWR 

SS770 

LO Loop Lock Status 

SS771 

XMIT Loop Lock Status 

SS779 

Rec. Protect 

SS854 

Sub. Com. Count 

SASS Sub -Deck 1-4 

SS775 

Upccnverter Bias 

SS776 

TDA 1 Bias 

SS777 

TDA 2 Bias 

SS778 

TDA 3 Bias 

SS7S1 

DC/DG Conv. + 5 V 

SS782 

DC/DC Conv. +15 V 

SS7S3 

DC/DC Conv. -15 V 

SS785 

DC/DC Conv. - 6 V 

SS786 

DC/DC Conv. + 6 V 

SS787 

TH. Ref. #1 

SS788 

TH. Ref. #2 







SASS Sub' 

-Deck 1-5 

. 

SS716 

CHI 

Gain 

SS717 

CH2 

Gain 

SS718 

CH3 

Gain 

SS71D 

CH4 

Gain 

SS731 

CHI 

Signal + Noise 

SS732 

CH2 

Signal •!- Noise 

SS733 

CH3 

Signal 4 Noise 

SS734 

CH4 

Signal + Noise 

SS746 

OHi 

Noise Only 

SS747 

CH2 

Noise Only 

SS748 

CH3 

Noise Only 

SS749 

CH4 

Noise Only 


SASS Sub-Deck 1-6 


55720 

55721 

55722 

55723 

55735 

55736 

55737 

55738 

55750 

55751 

55752 

55753 


Sxgnal + Moise 
Signal + Noise 
Signal + Noise 
Signal + Noise 
Noise Only 
Noise Only 
Noise Only 
Noise Onlv 


SASS Sub-Deck 1-7 


SASS Sub-Deck 1-8 


SS724 

CH9 

Gain 

SS725 

OHIO 

Gain 

SS726 

CHli 

Gain 

SS727 

CH12 

Gain 

SS739 

CH9 

Signal 4 Noise 

SS740 

CHIO 

Signal -f* Noise 

SS7A1 

CHll 

Signal + Noise 

SS7A2 

CH12 

Signal 4 Noise 

SS754 

CH9 

Noise Only 

SS755 

CHin 

Noise Only 

SS756 

GHll 

Noise Only 

SS757 

CHI 2 

Noise Only 


SS728 

CH13 

Gain 

SS729 

CH14 

Gain 

SS730 

CH15 

Gain 

SS743 

CH13 

Signal 4 Noise 

SS744 

CH14 

Signal 4 Noise 

SS745 

CH15 

Signal 4 Noise 

SS758 

CH13 

Noise Only 

SS759 

CH14 

Noise Only 

SS760 

CH15 

Noise- Only 














SAS5 Sub-Deck 2«1 


SASS Sub-Deck 2-2 


SS789 

Baseplate RT 3, SSS/LD 

SS801 

Baseplate RT 1, SSS/LO 

SS790 

Baseplate RT 5, TWT Gun 

SS803 

Baseplate RT 2, Upconverter 

SS791 

Baseplate RT 14, TWT Coll. 

SSS04 

A/D Converter 

SS792 

Baseplate RT 7, HVPS, LHA 

SS805 

Baseplate RT 15, Noise Source 

SS793 

Baseplate RT 17, HVPS TWT Coll. 

SS806 

Baseplate RT 11, Directional Detector 

SS794 

Baseplate RT 18, SSS/LO Dig. Cont . 

SS807 

Baseplate RT 4, 1st. Mixer 

SS795 

Baseplate RT 6, Gun 

SS80S 

2nd. Mixer 

SS796 

Baseplate RT 10, Output Port 

SS809 

Baseplate RT 8, TDA 

SS797 

Baseplate RT 16, Coll. Plate 

SSSIO 

Crystal Filter P6 

SS798 

Baseplate RT 13, Output ISO 

SS811 

Crystal Filter PI 

SS799 

Baseplate RT 9, HVPS 

SSS12 

Crystal Filter PIO 

SS800 

Baseplate RT 12, ASM 

SS813 

Crystal Filter P12 


SASS Sub -Deck 

2-3 

SS814 

Ant . ifl 

Temp. vAl 

SS815 

Ant . #1 

Temp. #2 

SSS16 

Ant. #1 

Temp. #3 

SS817 

Ant. #1 

Temp. #4 

SS818 

Ant . #1 

Temp, #5 

SS819 

Ant . #1 

Temp. #6 

SS820 

Ant . #1 

Temp. #7 

SS821 

Ant, #1 

Temp. #8 

SS822 

Ant . #1 

Temp. #9 

SS823 

Ant. #1 

Temp. #10 

SSS24 

Ant . ^2 

T emp . #1 

SSS25 

Ant. v2 

Temp. #2 



SASS Sub 

-Deck 2-4 

SS826 

Am: , #2 

Temp. #3 

SS827 

Ant. #2 

Temp. #4 

SS828 

Ant. #2 

Temp. #5 

SS829 

Ant . #2 

Temp. #6 

SS830 

Ant. #2 

Temp. #7 

SS831 

Ant . #2 

Temp. #8 

SS832 

Ant. #2 

Temp, #9 

SSS33 

Ant. #2 

Temp- #10 

SS934 

Ant . #3 

Temp. #1 

SS835 

Ant. #3 

Temp. #2 

SSS36 

Ant. #3 

Temp. #3 

SS837 

Ant. #3 

Temp, #4 


IgBil 







SASS Sub"Deck 

2-5 

SS83S 

Ant. #3 

Temp. #5 

SS839 

Ant . Tr3 

Temp. #6 

SS8A0 

Ant . #3 

Temp, #7 

SS841 

Ant. #3 

Temp. #8 

SS842 

Ant. n 

Temp . #9 

SS843 

Ant . #3 

Temp. y^lO 

SS844 

Ant. #4 

Temp. #1 

SSS45 

Ant. #4 

Temp. #2 

SS846 

Ant. #4 

Temp . #3 

SS847 

Ant . #4 

Temp . #4 

S3 848 

Ant. #4 

Temp . ik5 

SS849 

Ant. #4 

Temp. #6 


SASS Sub-Deck 2-7 

SSS64 

LO Gain GKD RED. 

SS865 

SMIT PWR RED. 

SS866 

XMIT PWE RED. 

SS867 

mT PWR RED. 

SSS6S 

XMIT PWR RED. 

SS869 

HI Gain GND 

SS870 

HI Gain GND RED. 

SS871 

HI Gain GND RED. 

SS872 

HI Gain GND RED. 

SS784 

LO Gain GND 



SASS Sub-Deck 

2-6 

SS850 

Ant, #4 

Temp. #7 

SS851 

Ant, #4 

Temp. #8 

SS852 

Ant . #4 

Temp . #9 

SS853 

Ant. #4 

Temp. #10 

SS855 

Spare ( 0) 


SS856 

Spare (0) 


SS857 

Spare (1) 

15 Cnts. 

SS858 

Spare (1) 

15 Cnts . 

SSS59 

Spare (0) 


SS860 

Spare (0) 


SS861 

Spare (1) 

255 Cnts . 

SS863 

LO Gain 
GND RED, 



1 SASS Sub-Deck 2-8 

LA121 

Baseplate Temp, #1 

LA122 

Baseplate Temp. #2 

LClOl 

Unregulated 4-28 

LC117 

SASS +28 Regulated 

LC135 

SASS Current 

SS873 

Sync 346 

SSS74 

Sync 602 

SS875 

Sync 427 


SASS Siib-Deck 3 


LC135 SASS Total Current 

LC135 Maximum 

liClSS Minimum 

LC13S Mean 

LC135 Standard deviation 










Operational TLM (Health of Instrument) - The sofhvare for the Operational TLM, Health of Instrument is 
being done at the POCC (Project Operations Control Center) at GSFC, The SASS associated software 
includes the following datas 


• TLM Page 

• Quicklook, Page 1 - 

• Quicklook, Page 2 - 

• SASS, Page 1 

• SASS, Page 2 

• SASS, Page 3 

• SASS, Page 4 

« SASS, Page 5 

• Scatterometer System 


Sensor ON/OPP Status 
TWT Parameters 
Scatterometer Systems Status 
Status Bata 

Analog Engineering Data 
internal Temperatures 
Science Data 
Alarm Parameters 
1 Data Snapshot 


A snapshot of each of these pages is included for information purposes. 
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115952 

Volt 

003A0 

1 01.27 

WATT 

00339 

TOA STAGE 3 BIAS 

,lf>75i) 

VOLT 

00357 

n .57A 

UHM 

U035B - 

TifERMISTOR KEF 1 

5iJu73 

VOLT 

00522 

21,1‘iA 

17.232 

DBM 

DBM 

OOAOO 

00391 

THERMISTOR P.EF 2 

5.0976 

VOLT 

00521 
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.SASS PAGE 3 


URGtOtHWU) SYS; Co7 

PTCH:~. 

9520U 

SUM; Nil 

CMU , 

ACCsiYP 

i GMT-l, 

22:1 r; 

57121 

PKl; Pfi ■ QUALjGooG 

RfjLL;.60527U 

BtlS VLT 

j 27.50 CMD 

ExC;i52 

! SC 1-01)1*02; 

05 jlo 

SRCeiTAPt 

Yaw; n 

.A. 

PTE jM.A 

. N.A. MEM; 

enable 

PRAME 

LOCK; 

0J756 

pAGH 2G 

SASS PAGE 3 TEMpEltATl/'.lES 





CAl.IUKATfi STATUS 

NCAL 


I'l 0^3/)4 

PIP ST MIXER 


6>m 7 

dfg'q. 

00712 

STAWUHY 

SfiL 


Ctii'or) 

SECOND i'.JxCR 

17,303 

OEGC 

noses 

TWT i 

5.2303 

UEGC 


tua 


3D.4C& 

DFGC 

00417 

rwt 2 

7,ZO^)7 

UfGC 

nof.on 

XTAL rmEit 

Pi 

25.4911 

degc 

00492 

THT 3 

9.7f>‘?i 

IJLGC 

GOiVuS 

XTAL PinCR 

PG 

21.011='= 

DFGC 

00549 

OUTPUT ISO 

5.An<iA 

ur.Gc 

OP 71 Q 

XTAL PIlTEIi 

PIO 

2G. IQI 

nttGC 

00495 

■HVPS 

f>. 1009^ 

Of-GC 

1,071 5 

XTAL rUTEU 

P12 

24.155 

DFGC 

00516 

ASM 


UCGC 

007 if. 

uasepiatg .1 


4 ; 7309 

DEGC 

00728 

SSS/LO 


UEGC 

00 A 9 9 

QASf-PI-ArE 2 


4.2P05 

DEGC 

00701 

LiP-COMVirP.Tf ft 

^^,A209 

UCGC 

no731 

RAsEPlArC 3 


414233 

DEGC 

00731 

A/U CU.'iVfiRrfiR 

20.477 

m:GC 

(iG544 

GASn plate 4 


7.3370 

DFGC 

00703 

fj0ir>c S0URCI- 

i ,49]B 

U[ GC 

0075fl 

UAsepLAi'E L 


3^07^5* 

DEGC 

00706 

fjlR^Uf-TL’CTOR 

3.4552 

UEGC 

0070 a 

B/\SnPtATE 6 


5-.0554 

DEGC 

00725 

SAS5 f!P TfiMpiil 

37.124 

UEGF 

C01B4 

SAsS Bp TCHp #2 

42.719 

DE6F 

00179 


Limit 14°F to 131‘^P 
-10°C to SS'^C 


SX-9 


SASS PAGE 4 


UKtiiUUOO(J 

1 SVSl C07 

f»TCHt-«9&2U0 

SUwJNU 

Ci'iU **CCi178 

i G(il-122tl7:57sZ8 

PRil Pti 

UUALrGUau 

KULL! .605278 

BUS VLT 

:27.5u CMO r?(C:152 

: SCi-OOito2!05llO 

SrtLttTAPE. 

YArf* H.A. 

pte:n,a 

. N.A, HfcMiENABLE 

frame 

LUCK:01764 

PAGfc 21 


SASS PAGE 4 SCIENCE DATA 



MDUE 

1 

NSEL 

U0191 

POLAR 12AT1 UN 

HH 

00904 

Muoe 

2 

SEL 

U0191 

LEFT/fUGHI Ant 

RITE 

00904 

HUUE 

3 

NSEL 

U0191 

FUKE/AFl ant 

aft 

00904 

MUOF 

4 

NSEL 

0U191 

GAIN CHANNEL #1 

G2 

00512 

Muue 

5 " 

NSEL 

00191 

GAIN CHANNtL #12 

Gi 

OOUOO 

MCJue 

6 

NSEL 

00X91 

GAIN channel #15 

GI 

oouoo 

MiJLtE 

7 

NSEL 

U0191 

SIG+Nf)15t CH #1 

.48875 

VOLT O0U50 

MODE 

B 

NSEL 

00191 

SlG+NOlSe CH #12 

1.1730 

VOLT 00120 

MUUE 

9 

SEL 

uouoo 

SIG+NOlSt CH #15 

3,9882 

VOLT 00408 

rlOLig 

lu 

STBY 

00000 

NOISE only Cri#l 

. 64516 

VOLT 00066 

CAUtBRATE STATUS 

nCaL 

00904 

NOISE only CH#12 

.83089 

volt 00085 

HOiSE 

UlOOh STAT 

UFF 

00191 

NOISE ONLY CH#15 

5,6891 

VOLT 00582 

HIGH 

FREG SELECT 

HIGH 

00000 




f.OW FREW SELECT 

HIGH 

00513 








'tJ ® 
O S 

5?? t— 


ST" 

sS 

£” Jrt 
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SASS PAGE 5 


ORO;uOOOO SVS: C07 PTCHj-,95?.0fi CMD AGC:170 GhT- 122 :17 :57j32 

PRl : PB OUALsGOLII) ROLL: . 005?.7a PUS VLTS27.5U CMDexCil52 5CT-00] :02:05ll0 — 

SRCGsTApG YAWi N.A. PTE:N.A. U.A. MEM :t:MA0LE FRAME LQCKs01772 

PAGE 2Q SASS PAGi: !j ALARM PARAMETERS - - — 

! DM PUMP CURRENT -.0F98 DAMP OOftOl 

HVPS input ClIHR 2.4412 AMps /)0290 

fJC/UC +15V CQNV J4.970 VOLTOB^U 

DC/UC -15V CONV -T4.94 VOLT 00292 - - - 

RCVR PROT CKT ST PROT OO^^oA 

baseplate 4 7.3370 UEGC 00703 - - - - 
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02 

, ... 

--J -- - SCATTtrtfifiltER 

ststeh'all OATA -SNAPSHDI 

-t .• •. a 

* ' ■ 

NUUb 1 

NSEL 

XHIT PWR 

101.271^, 

SUB LUH CNTR 

uuaui6io 

HOOb 2 
HOUE 3 

SEL 

msec 

ijj] in i 


BP Rl 3 
UP Rt S 


MOUfc •* 
- HUUE 5 

MSEC 

n5el 

ISJ w w 

tium 

gf Rl r 


Muue 6 

MSLE 

huPs Input i 

2><>A128U 

up Kl w 

151 .065* 

HOOE 7 

NSEL 

ThT FlL 1 

1.A9A519 

UP Hr IB 

5.U55A33 

MODE G 

hSEL 

LU PhR 

11.57AAA 

IhT rt 6 

5.23H32* 

HOUE 9 

SEL 

HOD PWR 

2I.1AA5A 

THT RT lu 

I.2U9T6* 

HOUE 10 

STuy 

XMlT CH PHR 

1 i,232BA 

TNI RT 16 

9.66/B6* 

" CRCSTAT 

■ ncAL ' 

Up CON BIAS * 

. 100AD86 

OP ISO RT 15* 

5.68A47B 

fiDlGE UtLIDE SfAT 

OFF 

rUA 1 BIAS 

.1AA5133 

HVPS RT 9 

1U9,31B« 

“■ POL' 

HH - 

TUA 2 bias 

.1595277 

ASH KT 12 

151.665* 

L/« ANT 

RIGHT 

TUA 3 BIAS 

.I6750A1 

SS5/LU «T1 

A.35UTB* 

- F/A ANT 

AFT 

DC CQNV V+15 

5:06B267 

up CUNV RT2 

A.A2U97* 

to FREO SEL 

HI 

UC COHtf V+15 

l'*,9TOA0 

A/D CUNV TEHP 

20.A776U 

ni FREO see 

■ HI"’ 

" OTreONV V-I5 

-I?. 9585 

NOISE* SOUR'RTIS * 

1.491097 

LO LOOP STAT 

LUCK 

DC CUNV V-b 

-6.95292 

D|H UET HT 11 

3.455230 

. "XHIf LOOP STAT 

LOCK 

DC CONV V+6 

5.96A902 

1 HXK RT A 

6.4117T2 

IN CURA TRIP 

NTRIP 

THEHH REFAl 

5.107392 

2 HXH TEMP 

17.3U39U 

- UNDE RVQLT TRIP 

NTRIP " ■ 

THERH REFA2 

5.09T62B 

IDA HT e' 

109,310* 

BOOT CUR TRIP 

MTRIP 



XT#4 Fit P6 TEHP 

151,977* 

PROTlTf STAT 

FRO 



' XTAl FlfPr’TEHP 

25.A90B1 





ATAL FIL PID TEHP 

26.1B1U0 

'■■■ ■ ' 

• - 

. • * - . . , 


XTAL P12 TEHP 

24.15521 

CAIN CH 1 


ANTI TEHl 

1I6.A19* 



SGN CNl 

.AS87990 

ANTI TEN2 

116. A19*- 



N CHI 

,6AS1C20 

ANTI TEH3 

116.A19* 



~'CAW tMf 


anTI TEHA ■ 

— ■■ 

.... , . 


StN CH2 

3,910072 

ANTI TEH5 

116. A19* 



N CH2 

l.SbZ^OA 

ANTi TEM6 

116.A19*' 



GAINCH3 


ANTI TEHT 

116. A19* 



SEN CN3 

3.626592 

ANTI TEia • * 

116. A19* 



M GH3 

1.562-09 

ANTI TEH9 

116, A19* 



CAIN CH4 

*■ 

ANTI TEhIO 

116. A19* 



SCN CHA 

3.A60A1A 

ANT 2 TEHl 

116. A19* 



N CHA 

1.562-0* 

ANT2 TEM2 

1I6.A19* 



GAIN CHS 


ANT2 TEH3 

116, A19* 



G6N CH3 

3.UD09SU 

ANT2 TENA 

116. AI9* 



N CHS 

3.196AR3 

‘ ANT2 IEM5 

116, AI9* 



CAIN CHb 
SCN CHb 

2.639299 

ANT2 IEH6 
ANT2 lENf 

116. A19* 
116, Al9* 



N CHE 

2.629523 

AnT2 TEH# 

116. A19* 



CAIN CH7 


AnT2 TEH9 

116. A19* 



StN ChT 

2,179a65 

AHT2 lEMlO 

116. A19* 



N CMT 

2.03323b 

ANT3 lEHl 

116. A19* 
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Gain 

CHfl 


ANT3 

TEM2 

SEN 

CHfl 

1.915934 

ANT 3 

TEM3 

N 

CHB 

1.642230 

AU73 

T6M4 

CAIN 

CH9 

■ 

ANTE 

tEHS 


CH9 

i.69llU6 

ah 13 

76Mb 

N 

CH9 

I.39Ta60 

ANT3 

I6H7 

GAIN 

CHIO 


An 13 

lEHB 

sen 

CHIU 

1.634103 

AN [3 

IEH9 

N 

SHIO 

i.ossnv 

AnT3 

TEMlO 

"GAIN 

GHIl 


~ ANT4 

TEMl 

sen 

CHll 

1.310300 

'AN14 

TEH2 

» • 

cmi 

.9401928 

AHT4 

TEH3 

GAIN 

CH12 


ANt4 

TEH4 

■StH 

cma 

1.143695 -- 

ANT 4 

tens 

N 

CH12 

.8015649 

ANT 4 

TE«6 

GfllTTHll' ■ ■ 


A NT 4“ 

TrrtT 

SEN 

CH13 

4,027374 

ANT4 

lEHO 

H ■ • 

"CHI 3 

5;659830 

AN74 

TGri9 

CAIN 

CH14 


AMT4 

Tehic 

N 

cm4 

CHI 4 

3.BT0971 
5.501628 



■STIJrtHD 

SEN CH15 
R ^*CH!5 

3.958948 

5,710481 










116 . 419 * 

116.419* 

116.419* 

116.419* 

116.419* 

116.419* 

116.419* 

116.419* 

116.419* 

116.419* 

11&.419* 

116.419* 

116,419* 

116.419* 

116.419* 

"iu:419*' 

116.419* 

H5.419* 

116.419* 



Operational fScience Data^ - The Operational Science Data processing is being handled by LAEC and JPL 
and will not be discussed in this report. 


POOH *s 
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QUALITY CONTROL 


SECTION 7 
QUALITY CONTHOL 


QWrrv 


7.1 QUALITY PHOGHAM 

The Quality Assurance Plan described in document SASS-DRL-Q9 is the quality program performed try 
General Electric Space Systems in the performance of the SeaSat A Satellite Seatterometer (SASS) contract 
qualitj’’ requirements with NASA/LARC. The quality plan meets the intent of NASA Reliability and Quality 
Assurance Publication, NHB5300.4(1B), "Quality Provisions for Aeronautical and Space ^sterns Con- 
tractors" as amended by Exhibit 5 to the Statement of Work. The Quality Program provided controls that 
resulted in delivered end-items that met contract requirements as proposed through all phases from de- 
sign, proctirement, manufacturing, integration and test of the SeaSat A Satellite Seatterometer. 

7.2 RELIABILITY 

The SASS Reliability Program Plan described in PIR-U-1312-JH-171 in the program complied with by GE 
to meet the Statement of Work requirements for the SASS program. 

7.3 PARTS 

The parts and materials list was prepared and delivered with the SASS as part of the End-Item Data Pack- 
age {SASS Historical Lo^ook), 

7.4 NON-CQNPORMANCE HISTORY 
7.4.1 WAIVERS/DEVIATIONS SUMMARY 


Number 

Deserintion 

Submitted 

Aouroved 

001 

Roll Swaged Terminals on PWB 

12/12/76 

3/14/77 

002 

Shipment of SASS with Eng. Model HVPS 

10/07/77 

10/12/77 

003 

72 Hour Bum-In of HVPS Transistors 

11/01/77 

12/14/77 

004 

Use of Unscreened Transistors in HVPS 

12/06/77 

12/14/77 

005 

Collector w2 Output Vcitage of the HVPS 

12/W77 

12/14/77 


7.4.2.^i;AILl]KE ANv'*j;.YSIS KEPOE.T (F. A. R.) SUMMARY 

! W* • “ »■ 


F. A. R. 

Failure 

Report 

Description 

Status 

1163-SAS-Ol 

NR44SS1 

HVPS - Cathode/CoUector Module 

Closed Out 

1169-SAS-02 

NR4S881 

HVPS #1 - Cathode/C pliector Modtile 

Closed Out 

1173-SAS-03 

001 

HVPS #1 - Grid Converter Module 

Closed Out 

1183-SAS-04 

012 

Temperature Sensor 

Closed Out 

1186-SAS-05 

013 

HVPS #1 - Grid Converter Module 

Closed Chat 

1193-SAS-Oe 

021/022 

lEA - PROM Microcircuit 

Closed Out 

1194-SAS-07 

020/023 

SSS/LO - jntemal Broken Connection 

Closed Out 


7. 4r. 3 SYSTEM FAILURE SUMMARY 


Unit 


No. of Failures 
Reauiring Rework 


Type Test 


HVPS#1 2 

lEA 2 

SSS/LO 1 

Thermistor 1 

Conneotor 1 


a. Initial System Integration 

b. Thermal Vacuum 

a. Initial System Integration 

b. Post Vibration (X Axis) 

Post Vibration (2 Axis) 
Initial System Megraticai 
Initial ^stem integration 


Connector Pin 1 Q/ FA Functional 

System Wiring 1 Initi^ System Integration 

(DraiiVing Error) 

LNA Heater Elements 1 Tnitial System Integration 

(Test Error) 


7.4.4 FAILUHE CATEGORY SUMIARY nc 'c^^ P<flG£ (g 

m TOOfi QUAUTV 


Failure Categories 


Top 

Assemblies 

Test 

Method 

instrumentation 

Dwg. 

Error 

Test 

Reqmt, 

Change 

Eesirai 

Workmanship 

Defective 

Part 

SASS 

- 

1 

1 

6 

- 

1 

1 


- 

- 

- 

- 

6 

*- 

- 

HVPS #2 

- 

T 


1 

2 

~ 

- 

lEA 

- 

- 

!• 

- 

- 

1 

2 

SSS/LO 

- 


- 

1 

- 

2 

^ - 

LNA Temp. 
Control 

1 

- 


- 

- 

- 

- 


Sub 

Assemblies 

PWB, lEA - - ■ ^ ^ ^ 2 1 

(47D235315) 

Module, HVPS - - - - 1 1 

(47D235110) 


7, 4. 5 -FAILURE REPORT SUMMARY 

Failure Report: 001 to 013 , Initial System Integratiou Testing 

014 to 030, Qualification and Fligfit Acceptance (Q/PA) Testing 

■ ' ’ t A 1 

**031 to 033, HVPS #2 (FHght Unit) Testing 


Drawinit Test Level 


47J2350D0 Systea 001 

46S14 


47J235000 Systew 002 

46318 


47J235000 System 005 

47027 


DaserlnciaTi of Hancenforraance 


HVPS ijot responding to the "DU" 
ccxanand • 


R.F. envelopes verified, but 
Very erratic. 


LNA. Hester Elements (nil and 
RT6) oversCveesed during LK4 
heater check. 


HVPS module, Grid Kodulator 
(47D2351I0) defective. Failure 
due to arcing. Heaign changes 
incorporated. Ref. Failure Analysis 
Report #1173-SASS-03 

A6A1 Board (470235291) of lEA 
failed. Failure caused by a 
defective A21 chip (SNC 54L5174H00) . 
Fart replaced. Retest OK, Refer 
to PIR UL6-JH-542. 

lest method error. Test modified 
in 5X 250046, RTl and RT6 replaced. 


47JZ35000 System 006 

46B25 


lEA Data Update out-of-spec 


Intermittent connection at connector 
of A6 module of lEA. All ctmuecclonB 
reinspected and tnrgued. Retest OK. 
Ref. Pia U-1J40-OH-547 and U-1B40- 
JH-557. 


47J235000 System 010 

47031 


EMIT power T121 reads zero. 


Unit wired incorrectly due to drawing 
error. Drawing corrected. Unit 
reworked and retested OK. Ref. AH's 
47A235001-3 and 473235020^. Also 
Ref. PIR UL6-vIH-S55. 


471235000 System 012 

47036 


Output isolator cemperatute 
Tin measures zero on data 
stream. Spec Is 477 to 557 
counts. 


Thermistor RI13 found to be shorted. 
Ref. F/A #1183-SAS-04. After rework, 
retest OK. 


47J23SQ00 System 


47J235DD0 System 


47J235000 System 


47J235000 System 


47J235O0O System 


47J235000 1 System 


47J235DOO [ System 


47J23SOOO System 


O2D/023 

46499 
47111 

021/022 

46500 
47110 


Multiple out-of-spec readings. 


Power measurement was out of 
spec (LOH). 

Multiple out-of-spec conditlonE 
on TLM tenp eratnre channels 

Multiple ouc-of-apec readings. 


Out-of-spec power measaremenCB , 


Intetmlctenc indication of out- 
put isolator temperature UM.. 


Failure in SSS/LO (47D23546Q) 
during post vibration (2 axis) 
confidence teat. 

Ho output data from TEA 
(47E235250) during post 
vibration (K axis) confidence 
teat. 


Test procedure changed. In all cases 
all data in spec. 

Caused by improper test-setup; after 
correcting problem power measured in 
spec. 

Test procedure changed. In all cases 
all data in spec. 

Test procedure changed. In all cases 
all data in spec. 

Test procedure changed. In all caaea 
all data in spec. 

Problem due to defective connector 
socket on Fin 65 of A3J2 of lEA. Pin 
replaced and reteat was OK, 

Caused hy IntemaL broken connection. 
Ref. to F/A #1194-SAS-07 after rework 
unit retested OK. 

Caused by internal contamination in 
microcircuit AS (R92S2P29) on the 
A2A6 in TEA. Ref. F/A #1193- 

SAS-06, After replaceinent of defectiVE 
part XEA tested OK. 







original page is 

OF POOR QUALITY 







TebC Level 1 IT/R Ho. 


47J235000 j Syscem t 02S 
.. W36 


47J235D00;. Syiten ■ QJ9 
47137 


SASS 47J233000 Systea 030 

47121 

HVPS 47EZ35100 ComponBat 004 

46B24 


HVPS #1 47E23510D Coapoacat 007 

4702S 


HVPS #1 47EZ35100 Cowponenc 025 

47133 


HVPS #1 47E23510O Compoaeat 026 

47134 


HVPS #1 47E23S100 CwnpoaeRt: 027 

47135 


EVPS #2 47E235100 Coispcment 031 

4715S 


HVPS 42 47E235100 Cowpoaent 032 

47156 


HVPS 42 1 47E235100 ( Componanc 1 033 

47159 


Desctiptlon o£ Hanconformance 


Haltlple out-af-jipec resdiagB aa 
temp. TU dufiag thental vacuusv 
eavlroaaeat. 


Test proceduce changed. All data 
aoM ±n spec. 


Ihiring thenaal vacuius test, several Caused by excesaive inrush eurcent. 
GSZ power aupply Crip cues while HVPS design change in booster circuit 
attenpCing to enable the HVPS. per AH*3 47E235100-12 and 47A235151-5. 

Retested saClsfaetorlly. 


OiiE-af-epec Ctwperaturc TIM £or 
Pi filter and A/P converter. 

Ion Pmp current TIM voltage out- 
of'Bpee 


Q1 and Q2 failed during thsmal 
vacuua teat of HVPS. 


Pllament current TIM Indicated 
excessive drift during amfaienc 
teat of HVPS, 


Minor looping noted during ambient 
teaeing of HVPS, 


During special teat at high Ceicp., 
fluid from the high voltage test 
probe flawed anta terminal block 
no, 1 (external to HVPS), 

Unable to adjust filament current 
and voltage to 1.S5A and •3.16 KV. 


1) collector 42 (E^2) 
voltage DUt-of-spec. 

2) ion puBjp current tcletoetry 
out-of^apec. 

3) cathode voltage (Ej.) cut -of- 
spec. 

Grid voltage Egjj out-of-spee by 
100 volte during thermal vacuua 
envlromnenc (at +55®C). 


Test procedure changed. All data 
now in spec. 

Excessive noise in ion puup (;nfB 
470235103} TIM circuitry. Reworked 
CO AH 470235103-8 (capacitor added) , 
Retest OK, 

Canaed by minor looplisg. Resign 
changes incorporated. (AH's 
470235124-2, 470235219-2 and 47 
47D233 104-4), Ref, PIH U-1M20-JH-577. 

Caused by variations in switching 
speed in CvansisCors Q1 and Q2 on 
A2 board (470235102) . Q1 and Q2 
changed to 2H19S3, Refer to AH 
470235X02-5! and PIR-1M2D3H-S77. 

Csuaed by inadequate design in the 
boost tranalstor circuit. Design 
changes implemented. Refer to AH's 
470235124-2, 470235219-2 and 
470235X04-4. After rework unit 
retested OK. 

Terminal block replaced; retest OK. 


Q1 and Q2 (JIX2H1B93) on A2 beard, 
47&23S1Q2, not switching properly. 
(VcE Sat, too high) 

Installed unscreened JAN2H1S93 
translators. Races ted OK. 

Waiver Request (004) for use of 
unacreened transistors, approved 
12/14/77. 

1) waiver request 005 approved 
12/14/77, 

2} test procedure changed per SIR 
jl25004S-l; data in spec. 

3) reseleeted select resistora; 
data In spec. 

- Caused by arcing due to bursts 
of outgassing during thecmal vacuum 

- Arc caused the 116 module of the 
grid modulitor (470235110) to fail. 

Corrective Action*. 

- Petted entire TB-1 tetnlwai 
block on the HVPS, 

- Cleaned T/V chamber. 

- Installed lob gauges in chamber. 

- installed witness mirrors in 
chamber. 

- Potted internal H.V, terminals 
of T/V penetration plate. 

- Operated with cold chamber walls. 

- Replaced failed 116 module, 

- Updated SI where applicable. 

- Retested OK. 
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SECTION 8 

DOCUMENTATION SUMMARY 


8. 1 SYSTEM LEVEL TEST DOCUMENTATION 

The following documents were used in the SASS system evaluation troubleshooting and acceptance testing; 


Docinnent 
SI 250046 
TR-SASS-005 
TR 01 
TR 02 
TR 03 
TR 04 
TR 05 

TR 06 


TR 07 
TR 08 
TR 09 

TR 10 A & B 

TRll 

TR12 

TR13 


TR-SASS-I4 

TR-SASS-15 

TR-SASS-16 


Title ^ 

Qualiflcation/Pli^t Acceptance Test Procedure 
Check lEA after A6A1 P"WB Repair 

Prelim inaiy Evaluation of A21/A10 LNA Thermal Control 
inrush Current Evaluation 

Evaluate PLT SSS/LO Performance in the SASS Instrument 
Evaluate Receiver Balance with Fore and Aft Local Oscillators 
Evaluate SSS/LO T^emetry 

Test Outline 

Inrush Current Evaluation (TR 02) 

HVP5 Tum-Qn {3CMIT Inhibit ON) 

HVPS Performance/Quick Look 

TR 07, TR OS, TIM Data Evaluation and LNA Heater Test 
ASM Isolation 
Receiver CalibratioD. 

Obtain statistical information cm SASS Receiver with Normal Waveguide 
Termination and with a Cryogenic Load 

Evaluation of transients associated with the HVPS/TWT when operated with the 
STC/RSS 

Calibraiion of W/G test manifold under high power operating conditions 
Engineering functional test after SASS has been coofig'ijred for vibration 
Troubleshoot NR 46499 (Post Z<^Axis vibration) 

Anomalies; 1) XMIT Lock Loss indicated v 

2) XMITPWRTLMLow 

3) Upeanverter Bias Low * 

Troubleshoot NR 46500 

Anomaly; 1) No indication of an output data stream 
Verification of anomalies noted in NR 46499 

Confidence Test after replacing lEA A6A1 Board. Ref. F.R. #021 (NR 46500). 
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Document 

TE-SASS-X7 

TR-SASS-18 

TH-SASS-*19 

TR-SASS-20 

TR-SASS-21 

TR-SASS-22 

TR-SASS-23 


Test Outline (coat’d) 

Confidence Test with SSS/LO Breadboard, Rf. F. R. #020 (HR 46499). 

Bonding Resistance Measurements 

Functional Test after Rework of HVPS, lEA and SSS/LO in preparation for Thermal 
Vacuum Test 

Confidence Test prior to Thermal Vacuum Pump-Down 
Troubleshooting, Crowbar Trip Problem associated with HVPS Enable 
Continuation of TR21 in Temperature Chamber Only (not Thermal Vacuum). 

jb 

Temperature Test after Rework of HVPS (Crowbar Trip Problem) 


Note; TR-SASS-24 and TR-SASS-25 were tests conducted on the flight HVPS and QM TWT only. 


S. 2 SYSTEM LEVEL MAGNETIC TAPES 

Below is a list of magnetic tapes made during SASS System Level Testing, 


TEST DESCRIPTION 

DATE 

ORIGINAL 
TAPE # 

ASSIGNED 

TAPE# 

CDT# 

Bench Test - Cryogenic Load 

8/9/77 

408 

EX861 

01217 

Pre. Env. Systems Test 

Para. 4. 2. 3 , 2 - 4. 3. 14. 14, A (SI-250046) 

8/25/77 

377 

' 

None 

None 

Pre. Env. System Test 
Para, 4.4.1 -4,4. 1.3 

8/27/77 

10272D 

None 

None 

Pre. Env, Para, 4.4.1, 3.4 

8/28/77 

10285D 

None 

None 

Pre. Env. Bee. Dynamic Range 
Para. 4,4, 1.3,5 

8/28/77 

102S8D 

EXS02 

17366 

Duped 9 TEK Tape of the Above 

8/28/77 

10288D 

20526 

02838 

Pre, Env, Para. 4. 4. 1. 4 - 4. 4, 1. 1.19 

8/29/77 

10289D 

None 

None 

Pre, Env. Para. 4,4,3, 3 - 4.4. 3.3, 5 . 
(Reo, Baseline Si Eynamic Range) 

8/29/77 

10271D 

None 

None 

Pre. Env. Para. 4. 4. 3 . 4. 1 to 
4. 4. 2, 3. 6. G 

8/30/77 

10270D 

None 

None 

Pre. Vib; Confidence 

9/2/77 

3308 

None 

. None . 

Vib. After Z Axis 
Troubleshooting per TR #13 

9/3/77 

3429 

None 

None 

Pre. T, V. Confidence (TR 20) 
and Room Amb, at Vacuum (Test #1) 

9/28/77 

4227 

04227 

11425 

Note: The above tape was of poor quality and the CDT contained only the first 150 records. A duped 

tape was made from which a good CDT was made. 



Duped tape of the above 

9/28/77 

04227 

07157 

13563 

T. V. Test #1 - XMIT Pulse Shape 
to Para. 5, 3,2. 1, P 

' 

9/29/77 

..04184 

04184 

None ■ 
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ORIGINAL 

ASSIGNED 


TEST DESCHIPTION 

DATE 

TAPE# 

TAPE # 

CDT# 

Zto30d Tape of the above 

9/29/77 

04184 

03021 

10504 

T. V. Test #2 (0°C) 

9/29/77 

01982 

01982 

03707 

from 272;17:59:00 

9/30/77 

(3 files) 


(File 2 only) 

U-i 273t04;37;15 




(Conf. Test) 

T. V. Test #2 (0°C) 

9/30/77 

01831 

01831 

22509 

from 273:04:56:30 


(3 files) 


(File 3 only- 

to 273:10:16:30 




Eynamic 

Range) 

T. V. Test #3 (-10°C) 

9/30/77 

02773 

02773 

17402 

T. V. Test H (35°C) 

10/1/77 

02261 

02261 

15346 



(6 files) 


(File 5 only 
Esmamic Range) 

T. V, Test #5 (55°C) - File 1 

10/1/77 

02816 

02816 

18659 (File 1) 

T. V. Test #6 (0°C) - FHe 2 

10/1/77 

02816 

02816 

22366 (File 3) 

T. V. Tesf#7”(35°C) - Pile 3 

10/1/77 

02E16 

02816 


T. V. Test #S (0°C) - FHe 1 

10/2/77 

02775 

02775 

None 

T. V. Test Transition- File 2 

10/2/77- 

02775 

02775 

None 

T.V. Test #9 (35°C) - File 3 

10/2/77 

02775 

02775 

None 

T. V, Test #10 (55 °C) File 1 
T. V. Test #11 (-10 C) Pile 2 

10/3/77 

732-1 

EX07B 

None 

10/4/77 

732-1 

EX078 

None 

T, V. Test Transition File 3 


732-1 

EX078 

None 

T. V. Test #12 (0°C) File 4 


732-1 

EXQ78 

None 

T, V. Test Transition to 35°C - File 5 


732-1 

EX078 

None 

T. V. Test #13 (35°C) File 6 


732-1 

EX078 

None 

T, V. Test #14 (Amb. ) File 7 


732-1 

EX078 

None 

T. V. instrument Calibration 

10/4/77 

■ 

732-2 

EX077 


Para. 6. l.SSX (File 1) 

10/5/77 

732-2 

EX077 

19565 

Para. 6. 4. XXX (FHe 2) 


732-2 

EX077 

16928 

Para. 6. 2, XXX (File 3) 


732-2 

EX077 

16633 

Para. 6. 3.1 - 6. 3.4 (File 4) 


732-2 

EX077 

IG 879 

Para, 6.3.5 (File 5) 

■ 

732-2 

EX077 

, 15015 

(I)ynamxc Range) (File 6) 


732 -2 ■ 

EX077 

13979 

TE023 Confidence 

10/8/77 

18468 

None 

None 

File 1 = OOC 

10/8/77 

18468 

None 

None 

File 2 = 250C 

lO/S/77 

18468 

None 

None 

Receiver Test© LMSC mth modified 

11/9/77 

17183 

17183 

04179 (Ffie 3) 

Return Pulse 




08045 (File 4) 

Duped Tape of the above 

11/9/77 

18183 

1462 0 

Same as above 

Note: Original of above tape was sent to Lanelev. 

Cci^dence Test after Hyps 
Switchbut 

. 12/21/77 

1 . • . . ' ' 

60835 

EX144 

05142 (File 3) 
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